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I. 


INTRODUCTION 


This is the final report on the Aerojet Liquid Rocket Company's work 
under NASA Contract No. NAS 8-28247 for the design, fabrication, testing and 
delivery of a prototype self-locking actuator. 

The original design concept for a self-locking actuator was conceived 
by ALRC in 1969^. During 1970 the concept was reduced to practice in the 
form of a working model which was designed, fabricated and tested as part 
of a company-sponsored development program. 

In 1971 NASA expressed an interest in the concept and requested a proposal 
on an actuator capable of producing an axial force of 44.5 kN. A nine month 
program, later extended to twelve months, for production of a 44.5 kN (10,000 lbf) 
actuator was awarded to ALRC in February of 1972. 

II. SUMMARY 

Work was initiated on the Self-Locking Actuator program in February 1972 
with the objective of designing, fabricating, testing and delivering an actuator 
to NASA, MSFC by the latter part of October, 1972. The design phase was completed 
in early May on schedule and within budget. 

During the fabrication phase an unavoidable delay was incurred due to a 
longer delivery time for the ball screw and nut assembly than was anticipated 
in the original proposal. This delay slipped the original ALRC delivery date 
from October to 19 January 1973. The budget remained unchanged. 

Assembly of the actuator was initiated in December. At that time a 
problem was uncovered which became apparent after receipt of the ball screw, i.e., 
the ball screw seal design would cause the ball return races to be subjected 

^ Patent Application in process - AGC Docket No. 1617 
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to full pressure differential, this could have caused buckling and jamming 
of the nut. To eliminate this problem the piston, retainer and ball screw 
nut were reworked to allow installation of the seal on the opposite end of 
the ball screw nut. To compensate for the cost impact of the rework, the 
scope of the testing program was redefined. 1 

On January 11, 1973 the test program was initiated. The actuator passed 
the initial proof test successf ully , however, when the no-load rate test was 
attempted, the actuator would not extend from the fully contracted position. 

After several attempts the test was discontinued. Investigative, failure 
analysis type testing was beyond the scope of the testing planned and would 
have involved costs beyond the funding available. At this point NASA, MSFC 
was informed of the test results and a disposition requested. 

If further testing is considered the following potential problem 
areas should be investigated: excessive servo valve leakage; excessive actuator 
piston leakage; a combination of low servo valve flow and high piston leakage 
and/or binding or high friction within the actuator. 

III. DESIGN 

The design effort on the self-locking actuator was initiated in the 
latter part of February 1972. In March an ALRC Design Review Board, chaired 
by Mr. K. R. Collins, reviewed and approved the conceptual design layout and gave 
the go ahead on preparation of detail drawings. On May 10, 1972 ALRC presented 
the design to NASA, MSFC for review and received approval to proceed with the 
fabrication phase of the program. 

In June 1972, as a result of meetings with the fabrication subcontractor, 
changes were proposed to the design and approval for said changes verbally 
received from NASA on 16 June 1972. 
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During assembly of the actuator in December a problem with the ball 
screw seal location was discovered. If the seal had been installed as 
originally designed high pressure acting across the ball screw ball return race 
would have distorted the races and jammed the balls. By moving the seal to 
the other end of the ball screw nut the pressure was equalized across the ball 
return race and the problem eliminated. This change was incorporated and is 
shown on the "A" change to 1162200. 

The final actuator design configuration is shown in Figure 1 and is 
described below: 

A. DESCRIPTION OF ACTUATOR OPERATION 

The actuator's prime mover is a 132.59 mm (5.220 inch) 

O.D. piston (attached to the nut of a ball screw) which moves axially along 
the ball screw. Normally actuation fluid is pressurized equally on both sides 
of the piston by an underlapped servo valve through ports integral to the 
actuator. When motion is required, the servo valve is actuated to vent 
one side of the piston while retaining full pressure on the other side. The 
resultant pressure differential creates a force in the direction of the reduced 
pressure. This force moves the piston - ball screw nut assembly axially along 
the cylindrical actuator housing. As the piston-nut assembly moves it forces 
the ball screw to rotate. The ball screw is restrained from moving axially by 
a set of roller thrust bearings at the left end of the actuator and the piston 
is keyed to the housing to prevent rotation. 

As the ball screw rotates it turns the power screw nut attached 
to the left end of the ball screw. This nut drives the power screw in or out 
thus changing the actuator length. 
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To recap the motions of the moving parts (in relation to the 
stationary actuator housing): the piston moves axially, the ball screw rotates, 

the power screw nut rotates and the power screw moves axially. 

When the desired actuator length has been reached the servo 
valve is returned to its null position and pressure is equalized across the 
piston. This eliminates the force acting on the piston and friction between 
the power screw nut and the power screw creates a braking action that stops 
the actuator. This same friction automatically locks the actuator and prevents 
changes in the actuator length due to externally applied forces. The actuator 
will remain in the locked position until a differential pressure is again applied 
across the piston. 

B. COMPONENT DESIGN 

1. Potentiometer 

By utilizing a clevis and rod-end design for attaching 
the stationary end of the actuator it was possible to mount the customer supplied 
potentiometer internal to the actuator. This clevis has the same spacing and 
bolt hole size as the clevises currently used by NASA in their actuator test 
bed at MSFC. 

To reduce the length of the actuator (and thereby the 
material and machining costs) the end of the potentiometer shaft was modified 
by cutting the shaft off behind the existing shoulder. The modified potentiometer 
shaft is clamped to an extension rod by means of a commercial product clamp 
which is drawn down onto a slotted cylindrical section of the potentiometer 
extension shaft. The extension shaft extends through the power screw and is 
held by a set screw in the end of the power screw. This arrangement allows 
for null adjustment of the potentiometer after the actuator has been assembled. 
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2 . 


Servo Valve Mounting 


All porting to and from the servo valve has been integrated 
into the stationary end of the actuator. The supply and return ports consist 
of intersecting drilled holes and utilize standard AN fittings for attachment 
of the supply and return lines. The supply and return line sizes were selected 
to match the ports in the servo valve. 

The two cylinder ports were fabricated as follows: 

Two 19.05 mm (.75 inch) wide grooves were machined along one side of the square 

stock billet. Then 25.4 mm (1.0 inch) wide grooves were machined along the 

tops of the two smaller grooves to produce a 3.175 mm (.125 inch) wide ledge 

all around the top of the 19.05 mm (.75 inch) groove at a distance of 

6.35 mm (.25 inch) from the bottom of the 19.05 mm (.175 inch) groove. Two holes, 

one in each groove, were drilled to a depth sufficient to insure intersection 

with the bore which was machined later. Strips, approximately 3.175 mm (.125 inch) 

Q 

thick by 25.4 mm (1.0 inch) wide and long enough to overlap the ends of the 
grooves, were fitted into the 25.4 mm (1.0 inch) grooves and welded to the 
billet along all four edges. The bore and outer diameter of the actuator 
housing were then machined. The servo valve mounting area was milled to provide 
a smooth mounting surface and holes matching the cylinder ports on the servo 
valve, were drilled through the strips. 

3. Piston-Ball Screw Assembly 

The size and design of the piston was dictated by the 
ball screw and nut assembly. Since cost was a major factor, selection of a 
ball screw configuration was limited to those commercially available. The 
ball screw selected for this application has a 63.5 mm (2.5 inch) outer diameter, 
a 53.57 mm (2.109 inch) thread root diameter, a 19.05 mm (.75 inch) thread lead 
and a static load capacity of 320.445 kN (72,040 lbf). 
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The ball screw thread is sealed by a "teflon" (FEP) seal, 
encapsulated between the end of the ball nut and the piston, which has a single 
thread (one pitch long) fabricated to mate closely with the semi-circular 
thread of the ball screw. 

The actuator piston is threaded onto the end of the 
ball screw nut retainer and lockwired to the nut. The piston seal is a 
standard O-ring with a "teflon" slipper seal installed over its O.D. 

The ball screw nut retainer has a circular outer 
diameter except for two rectangular slots cut along the axis at points 180° 
apart. These slots fit over keys attached to the inner diameter of the cylinder 
and prevent rotation of the piston. The ball screw nut is keyed to the retainer 
in a similar fashion. The piston and seal retainer were fabricated from leaded 
bronze to reduce frictional drag and prevent galling of the sliding surfaces. 

4 . Thrust Bearings 

Two high capacity commercial product roller thrust bearings 
are provided to counteract the axial thrust created by the externally applied 
loads and pressure loading the piston. The thrust loads during extension are 
transmitted to the bearings by the power screw nut through the hardened race 
between the nut and the bearing. During contraction the thrust loads are 
transmitted to the bearings by the retainer attached to the ball screw nut. 

The bearings, in turn transmit the axial thrust loads to the end of the 
stationary cylinder by means of the end-cap. All surfaces contacting the 
bearings are case hardened to a Rockwell hardness of Rc 58 min. to reduce 
wear and fretting. 
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5 . 


Power Screw and Nut 


The ratio between the ball screw lead and the power screw 
lead affects several important parameters in the design of the actuator, i.e., 
efficiency, length (and cost), output force, cycle life and shaft speed. Since 
the ball screw lead was fixed by what is commercially available the selection 
of the power screw lead resulted from the best compromise between these various 
parameters. The most efficient actuator results when the ball screw lead 
to power screw lead ratio (hereafter called the lead ratio) is high, i.e., 
a small power screw lead. This however results in a longer piston stroke which 
in turn increases the actuator length. The longer piston stroke results in a 
larger volume of fluid to be supplied per unit time which in turn, slows the 
shaft speed for a given servo valve capacity. A smaller power shaft lead also 
requires the nut to rotate faster for a given shaft speed. This faster rotation 
adversely affects the life of the thrust bearings. The actuator output force 
also increases as the power screw lead is reduced because of the increased 
mechanical advantage. Since the piston size is dictated by the size of the ball 
screw and cannot be reduced this would result in an extremely high output force. 

A smaller lead ratio (longer power screw lead), on the 
other hand, decreases the piston stroke, increases the shaft speed for a 
given servo valve capacity, lowers the thrust bearing speeds and results in 
a shorter actuator length. The adverse effects of a smaller lead ratio are: 
lower actuator efficiency, larger piston diameter (i.e., actuator O.D. 
increases), higher Acme thread bearing stress, higher axial thrust loads and 
higher torque reaction forces. In addition, the length of the power screw lead 
is also restricted by the coefficient of friction between the screw and nut 
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materials with respect to the self-locking aspect of the actuator. This will be 

discussed in more detail in the next section. 

The choice of the power screw lead results in a 

compromise between the parameters discussed above. The power screw dimensions 

selected for the actuator are: 19.05 mm (.75 inch) lead, 6.35 mm (.25 inch) 

pitch and 38.1 mm (1.50 inch) pitch diameter. This resulted in a lead ratio 

of 1.0 which was considered to be as close to optimum as practical. 

6 . Self-Locking Feature 

Self-locking is controlled by the dimensions of the 

power screw thread and the coefficient of friction between the power nut and 

screw. As long as the tangent of the lead angle is less than the coefficient 

of friction the screw will be self-locking. Materials selected for the nut and 

screw are leaded commercial bronze and 17-4 PH alloy steel respectively. 

2 

This combination has a reported dry static friction coefficient of 0.22. 

The actuation fluid has been purposely sealed off from the Acme threads to 
prevent the lubricity properties of the fluids affecting the frictional 
characteristics of the thread. 

C. DESIGN ANALYSIS 

The design analysis completed as part of the program is included 
as Appendix A. Table I lists the design requirements set forth in the work 
statement. As shown in the design analysis and Figure 1 all design requirements 
have been met. The theoretical results of the analysis are listed in Table I 
where applicable. All calculations were done in the. English unit system then 
converted into SI units. 

2 

Howell, G.W. , Weathers, T.M. (editors): Aerospace Fluid Component Designer's 
Handbook, TRW Systems Group, RPL-TDR-64-25, Revision C, Vol. II, Table 12.7, 
p 12.7-2 
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TABLE I 


VALUE SPECIFIED CALCULATED OR 


DESIGN REQUIREMENT 

IN WORK 

STATEMENT 

SPECIFIED 



English 

SI 

English 

SI 

1 . 

Length 

40-00 in 

1.016 mm 

40.00 in. 

1.016 m 

2. 

Stroke 

+ 3.82 in. 

+ 97 mm 

+ 3.82 in. 

4- 97 mm 

3. 

Operating pressure 






Supply 

3,000 psig 

20.68 MN/m 2 

3,000 psig 

20.68 MN/m 2 


Return 

50 psig 

.34 MN/m 2 

50 psig 

.34 MN/m 2 

4. 

Proof pressure 

4,500 psig 

31.03 MN/m 2 

S.F. = .29 
@ 4500 psig 

31.03 MN/m 2 

5. 

Burst pressure 

6,000 psig 

41.37 MN/m 2 

6,000 psig 

41.37 MN/m 2 

6. 

No-load 

velocity 

10.0 in/sec 
Max. 

254 mm/sec 
Max. 

3.8 in/sec 

96.5 mm/sec 

7. 

Stall force 

10,000 lbf 

44.48 kN 

9600 to 
11,250 lbf 

42.70 to 
50.04 kN 

8. 

Operating fluid 

Hydraulic oil 
per MIL-Q-5606 
or pneumatic 
fluid 


Hydraulic 
oil per 
MIL-H-5606 
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IV. 


FABRICATION 


Fabrication of the components was performed by a subcontractor, the 
Associated Machine Company of Santa Clara, California to working drawings 
prepared and released by ALRC. 

A. FABRICATION OF COMPONENT PARTS 

Significant variations to the original design concept that 
were originated during fabrication included: 

1. Fabrication of the outer sleeve as a three part (sleeve 
and two T-bars) assembly. This change was made to accommodate the vendors 
tooling in making the keyways in the sleeve. 

2. Changing the keying arrangement between the cylinder bore 
and the ball screw nut retainer. This also was to accommodate vendor tooling 
and machinery available. 

3. The ball screw thread seal was supposed to be molded 
onto the ball screw, however, due to delivery problems the seal was machined. 

4. The retainer to ball screw nut interface was modified 
to accommodate the actual ball screw nut configuration which was not known 
until delivery of the ball screw-nut assembly to The Associated Machine Company. 

Due primarily to an unavoidable delay in the delivery of the 
ball screw and nut assembly to Associated Machine by the Saginaw Steering Gear 
Division of General Motors a two and a half month slip occurred changing 
the original delivery date of 25 October 1972 to 19 January 1973. 

B. ASSEMBLY 

Assembly of the actuator was started during December 1972 and 
completed in early January 1973. Assembly was per the assembly procedures given 
in Appendix B and all components used in the assembly are listed on the basic 
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parts list given in Appendix C. Figure 2 shows the main component parts prior 
to assembly and Figure 3 is the fully assembled actuator. 

It was discovered during final assembly that the ball screw 
seal can, when the actuator is fully extended, protrude past the end of the ball 
screw thread. This results in the semi-circular thread part of the seal engaging 
the ball screw for approximately one-half of a thread rather than for a full 
thread as designed. This could be eliminated by reworking the ball screw 
nut retainer, the piston and inserting a shim between the seal and the piston. 

At the time this condition was discovered the assembly was considered too far 
along to make the change. The problem that arises from this reduction in seal 
thread engagement is that the seal leakage at the fully extended actuator position 
could increase to the point where the actuator would not retract. To overcome 
this problem it is proposed that the extension be limited to +3.32 (measured 
from the null position). 

V. TESTING 

Testing of the actuator was conducted at Wyle Labs in El Segundo , 

California. Wyle's report is included as Appendix D. To ascertain that the 

actuator would meet the design requirements, three tests were specified, i.e., 

a proof test, a no load rate test and a leakage test. The proof test consisted 

of pressurizing the actuator on both sides of the piston simultaneously to 
2 

31.03 MN/m (4500 psig). There was no sign of distortion or external leakage 

during the two minutes that the pressure was applied. 

Problems arose, however, during the no-load rate test. When 12 mA was 

2 

applied to the servo valve with an inlet pressure of 20.68 MN/m (3000 psig) 
the actuator did not move from the fully contracted position (Note: This was 
not due to the problem discussed in Section IV. B). Several attempts were made 
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FIGURE 2. MAIN COMPONENT PARTS OF SELF-LOCKING ACTUATOR 
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FIGURE 3. SELF-LOCKING ACTUATOR 



to determine why the actuator would not move but because of the test set-up and 
the absence of test ports it was not possible to isolate the problem. It was 
determined, however, that the leakage out of the return port was much larger than 
anticipated. It was so great, in fact, that the measurement method of leakage 
volume per unit time selected could not be used. 

Due to the lack of test ports it could not be determined where the 
leakage was occurring, i.e., through the ball screw seal, the piston seal 
and/or the servo valve. The test was attempted several times in both 
directions and discontinued when the budgeted test time was expended. NASA, 

MSFC was notified of the condition on 12 January 1973 and final disposition 
requested . 

VI. CONCLUSIONS AND RECOMMENDATIONS 

Due to the limited testing budgeted as part of this program no 
definitive conclusions can be reached as to the reason the Self-Locking Actuator 
failed to actuate. Theoretically there is sufficient force available to 
overcome a 44.5 kN (10,000 lbf) load. Testing appears to show otherwise. 

The reasons for this discrepancy can only be speculated upon at this time. 

The following recommendations include ways of isolating the cause (s) for 
non-movement and on changes to facilitate testing: 

1. Replace servo valve with a test block with porting directly 
to the cylinder ports. 

2. Measure flow into and out of the actuator. If actuator is not 
moving the resultant flow will be leakage through the ball screw seal and/or 
the piston seal. 

3. If the leakage is due to the ball screw seal then a separate 
seal development program is recommended. 
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4. 


If leakage is minimal (say 10% to 20% of total flow capability) 


then testing should be conducted at the sub-assembly level to verify 
theoretical values for ball screw torque output, friction, key reaction 
forces. 


5. 

made : 


Testing would be facilitated if the following changes were 


a. Move the ball screw seal approximately 1.27 mm (.50 inch) 
to the right of its present location by reworking the ball screw nut retainer and 
the piston and by inserting a shim between the seal and the piston. This 
change will eliminate the possibility of additional leakage at the end of the 
extension stroke. (It may be necessary to also install a static seal between 
the shim and piston and between the shim and the ball screw seal) . 

b. Add test ports to the housing so that cylinder pressures 
can be monitored during testing. 

c. Modify the end of the ball screw next to the potentiometer 
to allow for attachment of a torque wrench (with the potentiometer removed) 

to measure torque required to move the shaft with and without pressure loading. 
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DELTA P STALL LOaD Brg LOAD TBALL TfRCT 

PSID POUNDS POUNDS IN-L8 In-LB_ 

500 . OOQU 1531.6718 6993.1055 814.0570 32"0.8279 

iOOU.OOOO 3308.2708 13770.7515 1630.9279 500.0134 

1500.0000 5084.8697 20548.3977 2 447.7983 679.1988_ 

2000. UOOO '7067.6235 ' 27138.6450'’ 3266'.4608 796.7893 

2500.0000 9144.0840 33643. 7109 4085.9369 88 5.3820 

3000 . .000? 11275... 7686 40097 . 6685 490 5.9015 959,J.761_ 

SI UAJirS 
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__ 3447376.5625 68l3.2155__ 3H06.8823 91.9761 36,2487_ 
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20)634,271. 2500 50,161.5649 176353.3125 554.2924 108.3724 
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in-lb 
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-100.1282 
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320.8279' 

1000. UOOO 
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15402.5515 . 

1630.9279 
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679.1988 

^00 j . oOjO 

5435.a235 
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"'796.7893 
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35275.5112 

4085.9369 

886.3820 

3000. UOOO 

9644.9686 

41729.4683 

4905,9015 

959.1761 

N/yj.M 

NEWTONS 

newtons 

N-M 

N-M 
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15360.0190 
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127977.3125 

369.0605 
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33416,3037 

156913.2891 

461.6489 

,2500 

42902.9570 

185621.9199 

554,2924 
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APPENDIX B 


SELF-LOCKING ACTUATOR 
ASSEMBLY PROCEDURES 



SELF-LOCKING ACTUATOR 
ASSEMBLY PROCEDURES 


REFER DRAWING NO. 1162200 


1. Clean all parts to levels indicated on individual details. 

2. Install Retainer (2^ subassembly on the O.D. of Ball Screw Assembly 
Nut 0) , and install Ball Screw Seal <3) on screw of (20) snug against Ball 


Screw Nut (omit Shim (10) ) , put Key (30) into the keyway in Ball Screw 
Assembly (20) . 

3. Screw Piston^^ onto the end of Retainer (2^ (hand tight) against the 
Ball Screw Seal ^3) until slight drag of seal assembly can be felt when 

Ball Screw is rotated. If the threaded end of Retainer (2^ bottoms out against 
the end of the Retainer ^2^ , then remove, install Shim ^o) and reassemble - 
otherwise omit Shim (lo) and continue. Mark location of lockwire hole on Piston^^ 
and remove. Drill hole in Piston^^ as shown on drawing. (Note: Piston will 

be lockwired to ball return bracket screw on ball screw nut later on. If there 
are no holes in the head of the ball return bracket screw, drill hole through 
head large enough for lockwire at this time) . Reclean Piston^^ and reassemble 
onto the ball nut subassembly and tighten hand tight (parts should fit snug - 
no axial play. - If practical tighten Piston^^ until a slight drag due to 
the seal assembly ^5) can be felt when the ball screw is rotated). Lockwire 
Piston^^to screw head as shown. Lubricate and install Packing (46) and Cap Seal 
^2) onto Piston^). Note: Care should be taken to prevent damage and/or 

contamination of this (and all other seals) during subsequent assembly steps . 

4. Lubricate and install Packing and . Cap Seal (62) onto Power Screw Nut^f^. 
Lubricate and install Packing (0) into the bore on Nut^^. Turn the ball screw 

of Ball Screw Assembly (0) into Nut^^ until it bottoms out. Back-off screw until 
key slots align. Install Key (31) (2 required) and secure with Safety Wire (32) 



wrapped around the O.D. of the ball screw in the groove provided. Bend the ends 
of the wire (after twisting together) into one of the keyway slots. 

5. Lightly lubricate the ID of Housing ^8) , the OD of Retainer (2^ , the 
OD of Nut © and the ball screw. 

6. Press Bearing (65) (make sure that bearing is packed with grease - if not, 
add grease) into End Cap^^ until flush or .010 below the surface of End Cap ^4^. 
Lubricate and install Packing (^) , Packing (46) , Retainer (49) and Retainer (5(3) . 

Note: Be sure retainers location with respect to packing is as shown on drawing. 

7. Rotate the ball screw until the back face (one nearest the ball screw 
nut) of Power Screw Nut^^ contacts the nearest face of Piston © . Insert the 
ball screw and Acme nut assembly into the housing. Install Key Ring , 

Race (69) (2 required), Bearing (^8) (packed with grease) (2 required), End Cap 
and Retainer^^. Hold in place with the two Bolts (36) . Measure the depth from 

the open end of the Housing (li) to the nearest end of the ball screw nut retainer (2l) . 
Measure the length of the diameter of the End Cap^^ that fits within the cylinder. 

The difference between these two dimensions minus 7.64 equals the width of 
Shim (8^. Remove Retainer^T), Bearing Race ^9) , Bearing (68) , End Cap and 
Ring (li) . 

8 . 

and ^7) and Washers (29) as shown, torque to indicated values and safety wire 
with (33) . 

9. Lubricate and assemble Packing (4^ , Packing (^) * and Retainer (5^ (2 required) 

onto Bearing Ring^^. Lubricate the bearing surface and slide over the end of 
Housing ^8) . The end of Bearing Ring with the four tapped holes should be 
toward the square portion of the housing. 


Assemble end cap subassembly into end of Housing ^8) , install Bolts (36 


*May be installed anytime prior to Step 12. 



10 . 


Install Key Ring (11) (with one key in line with the servo valve pad), 
Shim^T) (if required) and End Cap and secure with 8 each of Bolt and 
Washer^8^, torque to values shown and safety wire with (32) . Install Bearing (68) 
(packed with grease) and Race (6^ onto Nut^). Measure distance from face 
of Race (69) to land (with taped holes) of Nut^^. Size Shim(9^ to give line-to- 
line to .001 gap between Retainer (3^ and Race (69) . Install Shim(9^ and 
Retainer ©• secure with 8 each of Bolt (3^) and Washer ^5) , torque to values 
shown and safety wire with (33) . 

11. Rotate Nut^^ by hand to make sure that there is no binding of the ball 
screw. Continue rotating Nut^^ until Retainer (2^ bottoms against the End 
Cap^4^. 

12. Screw Power Screw ^9) into Nut until in contact with the Bolt Heads ^3^ 
then back off until one of the slots in the Power Screw ^9) aligns with a key 

on the Key Ring . (Make sure that no lubricant is applied to the Acme thread). 
Install Packing (^2) in the Sleeve ^ 2 ) . After noting the relative position of 
the four radial slots (machined into the flange on the end of Power Screw (l9) ) 
with respect to the key way on the end of the screw (should be in-line), slide 
Sleeve over the end of Housing (l8) . 

13. Slide Bearing Ring^^ into the end of Sleeve (l2) and secure with four 
each Screws (57) , torque to value shown and safety wire with (32) . 

14. Attach Extension^?) onto the end of Potentiometer(T^ by means of Clamp (67^ 
torque to value given and safety wire with (32) . The dimension from the mounting 
face of the potentiometer to the end of the extension should be 34.40 inches 

at the 19.00 dimension shown on 1162201. 

15. Lubricate Pack ing (^T) and install onto Potent iometer(l^. Install 
Potentiometer © into assembly making sure that electrical connector is pointing 
toward the servo valve area. Secure with 4 each Screws (52) , torque to values 
given. Adjust Potentiometer © to give a potentiometer plus extension length of 



32.70 inches when the actuator is fully contracted. Secure with 2 each 


Setscrews (24). 

16. Install Nut (2 required) and Clevis (66) , adjust to given dimension* 

then secure with locking keys (if available) and safety wire with ^2) or (55) . 

17. Install Vent Valve (6^ plus Packing ^8) , and Union (2^ plus Packing ^o) 
(2 places) . 

18. Install Servo Valve (63) , and four each Packing (39) , orientated as shown 
on drawing no. 1162200 (Sleeve (^) should not hit Servo Valve (£5) when actuator 
is fully contracted). Secure with four each of Screws ^8) and torque to values 
shown. 


* 


If the end of Potentiometer Extension 
Rod(F) flush with Clevis (66) . 



extends into the clevis area trim 
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MS28782-68 


MS35275-222 






































































































APPENDIX D 
WYLE LAB TEST REPORT 



DATA SHEET REPORT 


« ' BSYLE LABORATORIES 

18 January 1973 

Assoc i ated. Mach i ne Company 

400 Mathew Street 

Santa Clara, Calif. 95050 


ATTENTION: MR.H.J.ZlTZER 

TEST TITLE: PROOF PRESSURE 

REFERENCES: Your Purchase Order No. 6707 “7082 

Wyle Laboratories Job No. 532 94 
Government Contract No. N . A . 

Wyle Laboratories Report No. 532 94 

Gentlemen: 

This is to certify that the enclosed Test Data Sheets contain true and correct data obtained in 
the performance of the test program as set forth in your purchase order. 

Where applicable, instrumentation used in obtaining this data has been calibrated using standards 
which are traceable to the National Bureau of Standards. 

Test Results: 

One (1) Actuator, Part Number 1162200, Serial Number 1, 

WAS SUBJECTED TO THE PROOF PRESSURE TEST DESCRIBED HEREIN. 
The SPECIMEN COMPLIED WITH THE SPECIFICATION requirements. 
The ENCLOSED DATA IS PRESENTED FOR YOUR EVALUATION. 



Enclosures: Data Sheets ( 1 Pages) 


STATE OK CALIFORNIA 1 

COUNTY OK LOS ANGELES / nFPARTMFNT MECHANICAL SYSTEMS 


0. O. Yl'AKAS , being duly sworn, 

deposes snd says: Thai the information contained in this report is the result of 
complete end carefully conducted tests and is to the best of his knowledge true 
and correc^itrtH respects. k v 

( 




Not Appl i cab le 






Report No. 53294 
Page No. 2 


Tost Title: . 


Proof Pressure 

Customer ASSOCIATED MACHINE C O , 

Pert No 11 62200 I 

S/N 3 

Spec. AM1 16 2200 ■■ Rev. 

Per*. 4-t 1 


Specimen. 


Actuator 


. . M 53294 

o., 'l/ll/Z f 

Dete Test Completed 1ZJ j/Zj. 

Amb. Temp _ 7 0±15F 

Photo NO 

Test Med. MUcijz5606__ 

Specimen Temp. R.O 0 M_ A M 8.1 E N 


SPEC I FI CATION REQUIREMENTS 


Subject the specimen to a Hydraulic Proof Pressure of 4500 psig. 
Record any evidence of external leakage, damage or deformation. 

PROCEDURE AND RESULTS 

The specimen's pressure and return ports were simultaneously 
pressurized to 4500 psig with MIL-H-5606 Hydraulic Fluid. The 

TEST PRESSURE WAS MAINTAINED FOR A MINIMUM DURATION OF TWO 
MINUTES DURING WHICH TIME THE SPECIMEN WAS MONITORED FOR EVIDENCE 
OF EXTERNAL LEAKAGE. THE TEST PRESSURE WAS THEN REDUCED TO 
ZERO PSIG AND THE SPECIMEN WAS VISUALLY EXAMINED. 

There was no external leakage. There was no apparent damage 

OR DEFORMATION. 


Press. Gauge 0-5000 psi 


W/N 3552 


Cal. Due 2-10-73 


T i her 


0- 60 min 


W/N 6155 


Cal. Due 2-18-73 


Specimen Meet* Spec. Requirement! 

Q. C. Form Approval 


YES^l 
NO □ 


Teited By 
Witneu _ 
Sheet No. 
Approved 








SPECIFICATION REQUIREMENTS; 


NO SPECIFICATION REQUIREMENTS. 

This notice of deviation issued for information only. 


DESCRIPTION OF DEVIATION: 

The following anomalies were encountered during the functional 

testing of the specimen. 

(1) The linear potentiometer exhibited an erratic circuit be- 
tween pins "E" and "F". The maximum travel indicated was 
FIVE INCHES. 

(2) Internal leakage through tHE specimen was so great that 
it could not be measured with a graduated cylinder. 

(3) Servo valve did not function properly. 

(4) Actuator would not extend with 3000 psig applied to the 
inlet port. 


SPECIMEN DISPOSITION 


Stop testing and return to customer. 


COMMENTS - RECOMMENDATIONS: 


DISTRIBUTION: 

ORIGINAL: OUALITY CONTROL 
( J CORIES: CUSTOMER 

I COPY: JOS CONTROL 
I COPY: WHITE FOLDER 
1 COPY: GREEN FOLDER 
I COPY: CONTRACTS 
I 1 COPIES: OCAS — QAR 

WL-109A 






